The effect of a probiotic comprised of Bacillus, Lactobacillus, Streptococcus, Clostridium, Saccharomyces and Candida species on productivity, meat components, lipid metabolism, caecal flora and metabolites, and the raising environment of broilers were studied.
and feed conversions8, 16, 23, 25, 33, 36) , exclude pathogenic organisms2, 17, 18, 26, 28) prevent diarrhea18, 23), hinder production of harmful matter23, 32, 36) control blood pressure and the serum cholesterol concentration7, 11, 24, 25, 30) , and activate immnocytes10, 14, 15, 20) . Our laboratory also reported 6, 7) previously that a mixture of organisms improved the intestinal flora and lowered HMGCoA reductase (NADPH; EC 1. 1. 1. 34) activity and tended to be hypocholesterolaemic in rats. It was considered that the results obtained for the mixture of bacteria were due to the existence of a symbiotic relationship in the intestine. Intensive production systems inflict considerable stress on broilers, and decrease productivity and the quality of products. Therefore, employing such a mixture of bacteria is needed for broiler production. The effects of a probiotic comprising Bacillus, Lactobacillus, Streptococcus, Clostridium, Saccharomyces and Candida species given at the level of 3g/kg diet, on productivity, meat components, lipid metabolism, caecal flora and metabolites, and the raising environment of broilers were studied.
Materials and Methods

Probiotic
The composition of the probiotic is shown in Table  1 . Each microbe was isolated from brown forest soils gathered from western and northern Japan. The final proportion of each microbe was adjusted to 107-8 cfu/g rice bran using the method described by Fukushima and Nakano6, 7).
Animals and diet This examination was carried out at farm S (Gunma Prefecture) using two male broiler houses containing about 2,700 broilers, and two female broiler houses containing about 3,300 broilers (Cobb strain). They were divided into two groups. As shown in Table 2 , all groups were fed with starter from the day the experiment started to day 21, grower 
Productivity
In this study, the productivity of each group was estimated according to a production score calculated by the following method. Production score=Total final body weight (kg)/ Number of kept broilers/Periods of raising (days)/ Preparation of pectoral and thigh meat, liver, caecal content and accumulating faeces At the age of 49 days, 6 broilers were randomly selected from each group. The pectoral and thigh meat and the liver were taken right after slaughter. The blood veins and adipose tissues were removed caecal content was taken from the gut. After weighing, part of it was used for the determination of microflora, the remainder was diluted tenfold with desalted water for analysis of the concentration of ammonia, short chain fatty acids and pH value. Five to 6 accumulated faeces samples were randomly collected from each raising floor and mixed, and portion was used for the determination of microflora.
Meat and liver components The pectoral and thigh meat and liver were sliced with a knife coated with Teflon, and freeze-dried for 72 hours using a freeze-drier (FD-81, Tokyo Rika Kikai Co., Ltd., Tokyo, Japan).
Water was calculated from differences of weights before and after freezedrying. The freeze-dried samples were crushed into pieces and mixed uniformly. Protein was determined by Kjeldahl methods. Lipid was extracted from the meat and liver by a mixture of chloroform-methanol (2:1, v/v; Folch et al.3)). Ash was calculated from differences of weights before and after heating at Yamato Scientific Co., Ltd ., Tokyo, Japan). Fatty acid methyl ester derivatives of the total lipid from meat, and of phosphatidylcholine and following the procedure of Nakano and Fischer27), and estimated using a gas-liquid chromatograph (GC-9A, Shimadzu, Co., Ltd., Kyoto, Japan) with a glass chromosolb with diethyleneglycol succinate (100ml/ l ). Cholesterol contents in meat and liver were acetylated by the method of Matsubara et al. 19) , and measured using a gas-liquid chromatograph (GC-14A, Shimadzu, Co., Ltd., Kyoto, Japan) with a capillary Industries, Ltd., Kyoto, Japan). For mineral and phosphorus analyses, about 1.0g of dried meat was less than 2ml, 5ml nitric acid was added and the solution was filtered and expanded to 100ml with desalted water. The concentration of minerals in the meat was measured using an atomic absorption spectrophotometer (AA-680, Shimadzu, Co., Ltd., Kyoto, Japan). The phosphorus concentration in meat was determinated by the colorimetric method1). Caecal flora and caecal metabolites The caecal flora was measured by the procedure of Mitsuoka et al. 22 ) with some modifications. After thorough mixing of caecal contents, a series of 10-fold dilutions (10-1 to 10-8) was done using anaerobic diluents. From the appropriate dilution, 0.05ml aliquots were spread onto three non-selective agar plates : modified Eggerth-Gagnon (EG) agar and glucose blood liver (BL) agar for anaerobes, and trypticase soy blood (TS) agar (BBL, Cockeysville, MD, USA) for aerobes, as well as 9 selective agar media: bifidobacteria selective (BS) agar for bifidobacteria, eubacteria selective (ES) agar for eubacteria, neomycin-brilliant green-taurocholate-blood (NBGT) were expressed as the log10 of the number of bacteria per gram wet weight of caecal content. The pH value was measured using a pH meter with a glass-electrode (F-23, Horiba Ltd., Kyoto, Japan). Ammonia concentration was measured by colorimetric determination with a commercial kit (Ammonia Test Wako, Wako Pure Chemical Industries, Ltd., Tokyo, Japan). Preparation of short chain fatty acids (SCFA) in caecal contents was carried out by the procedure of Hara et al.12) and measured using a gas-liquid chromatograph (GC-9A, Shimadzu, Co., Ltd., Kyoto, with 80-100 mesh chromosorb W-AW DMCS with phosphoric acid (100ml/l) as a liquid phase. Smell and microflora of raising environment Smell was measured by using inspection tubes (Gastec Co., Kanagawa, Japan) held 1m above the ground. After thorough mixing of the drift, a series of 10-fold dilutions (10-1 to 10-7) was made in an anaerobic diluent. From the appropriate dilution, 0.05ml aliquots were spread onto two non-selective agar plates: modified GAM (GAM) agar (Nissui Pharmaceutical Co., Ltd., Tokyo, Japan) for anaerobes, and TS agar for aerobes, as well as 4 selective agar media: LBS agar for lactobacilli, KF agar for streptococci, DHL agar for Enterobacteriaceae and PD agar with tartaric acid for yeasts. GAM and an anaerobic "steel-wool" jar filled with an atmosphere of oxygen-free carbon dioxide. KF, TS PD and DHL agar plates were incubated aerobically at was examined for bacterial colonies. The identification of 3 bacterial groups and yeasts was done based on colonial and cellular morphologies, the Gramreaction, spore formation and aerobic growth. The results were expressed as the log10 of the number of bacteria per gram wet weight of the drifts. Statistical analysis Data were analyzed by two way (sex and diet) ANOVA and Duncan's multiple range test (SPSS Ver. 4.0, SPSS Inc., Chicago, IL, USA). Student's t test was used to compare mean differences between C.
perfringens level in caecum of the control group and that of the probiotic group. Differences were considered significant at P<0.05.
Results and Discussion
Usual probiotics are comprised of a single or a few microbes. However, as shown in Table 1 , the probiotic used in this study consisted of 14 microbes that have individual biological activities15, 16, 29) . It is possible that the effects of the mixture resulted from symbiotic relationships in the intestine rather than the effects of individual species. Using this mixture, the effects of the probiotic on broiler production were studied. King16), Mohan et al.25) , and Yeo and Kim36) reported that probiotics promoted growth and increased feed efficiency in poultry. In this study, the production score was used for comparison of productivity. Producers aim for a score of 180 or more.
As shown in Table 3 , the scores of all groups were 190 or more on this farm, so, it was considered that this farm was very productive. Although the rearing periods were only slightly different among the groups, the score in the male group was increased by the probiotic. However, there was no difference between the probiotic group and the control group in females. The reasons for this were unclear in present study. The effect of the probiotic on productivity in the female group tended to be lower than in the male group, probably because female hormones such as progesterone influence gut functions. So it is necessary to increase the quantity of the probiotic as compared with males to improve intestinalflora activity and raise the productivity in females. Mohan et al.24) reported that the yolk cholesterol concentration was decreased in layers fed a probiotic containing 5 viable organisms. Mile et al. 21 ) reported that living non-freeze-dried L. acidophilus influenced egg quality. However, there are few reports on the effects of probiotic administration on meat quality. Nutrient components of pectoral and thigh meat of broilers administered probiotics are shown in Table 4 . The results for meat components in this study were similar to those of Fujimura et al. 4 ) and Tanaka et al. 31 Table 7 .
Influence of probiotic administration on fatty acid composition of liver phospholipids of broilers (mole %) probiotic are shown in Table 5 . Eight fatty acids, palmitic, palmitoleic, stearic, oleic, linoleic, linolenic, arachidonic and docosahexanonic acids, were detected. Palmitic, oleic, linoleic acids were the major ones. The linolenic acid ratio was significantly higher (P<0 .05) in the broilers administered the probiotic. The ratio of palmitoleic acid , which is known as a functional fatty acid with the effect of preventing cerebral apoplexy, was higher in male broilers administered probiotics. Furthermore, the ratio of unsaturated fatty acids to saturated fatty acids (U/S ratio) of total lipids in pectoral meats tended to be higher in broilers that received the probiotic. These results suggested that fat in meat was changed to favorable fat with smooth texture. The reasons for the fatty acid composition affected by probiotic Anim. Sci. J. 70 (4): 207-218, 1999 213 Table 8 . Influence of probiotic administration on cholesterol concentrations in total lipid of pectoral meat, thigh meat and liver of broilers (mg/g total lipid) administration were unclear in the present study, and require further investigation to examine the possible mechanism of function of the probiotic.
Weight, water and lipid contents of livers are shown in Table 6 . There was no significantly difference between the broilers with and without the probiotic in the liver weight to body weight. Water content of liver decreased (P<0.05) in broilers administered the probiotic. However, lipid content of liver significantly increased (P<0.05) in broilers administered the probiotic. It was considered that these results could be explained by the same reasons as for meat.
The fatty acid compositions of phosphatidylcholine and phosphatidylethanolamine of liver are shown in Table 7 . Palmitic, stearic, oleic, linoleic, arachidonic and docosahexanonic acids were detected. For liver phosphatidylcholine and phosphatidylethanolamine, the ration of stearic acid tended to be higher, whereas those of palmitic, arachidonic and docosahexanonic acid tended to be lower in the probiotic groups. The U/S ratios of phosphatidylcholine and phosphatidylethanolamine were not affected by the protimated as the 20:4/18:2 ratio, it was comparable in the control group and probiotic group. Our previous study reported 6, 7) that this ratio increased significantly in the liver phosphatidylcholine of rats fed a high-fat, high-cholesterol diet with the probiotic but the difference was not significant in rats fed the basal diet.
However, in the present study, this ratio tended to be lower in broilers fed the probiotic. The reason for the decrease was unclear, but presumed to be due to the difference of the lipid metabolism. These results require further investigation to examine the possible mechanism of action of the probiotic. Cholesterol concentrations in total lipids from each tissue are shown in Table 8 . The cholesterol concentration of thigh meat was significantly lower (P< 0.05) in broilers that received the probiotic. The cholesterol concentration of liver was also significantly lower (P<0.05) in the probiotic group. It has been reported that probiotics7, 11, 24, 25) and fermented milk30) have hypocholesterolaemic functions. For the cholesterol-lowering mechanism, it has been shown that L. acidophilus contributes to the elimination of bile acids and cholesterol in the faeces by its binding action and the inhibition of micelle formation11), and the mixture of organisms and L.
acidophilus lowered the HMG-CoA reductase activity7). It is considered that the probiotic used in this study might regulate cholesterol synthesis in the tissues, and contribute to the elimination of bile acids and cholesterol in the faeces.
It is important to exclude pathogens such as Salmonella and Campylobacter from the gut to improve broiler productivity and food hygiene13, 17). Nurmi and Rantala28) reported that caecal contents from Salmonella-free chickens had a protective effect in chickens against Salmonella infection. Francis et al. 9) reported that probiotics decreased coliform counts and increased Lactobacillus counts in the digestive tract of turkey poults. Cole and Fuller2) reported that fermented milk significantly decreased the number of coliform in the gut in rats. Changes in the number of microbes were observed in the caecal microflora ( Table 9 ). The number of Enterobacteriaceae, i. e., E. coli and Salmonella in caeca significantly decreased (P<0.05) in broilers of the Table 9 .
Influence of probiotic administration on composition of the caecal microflora of broilers served that the probiotic had the effect of reducing the number and incidence of C. perfringens, which causes necrotic enteritis in chickens5). The reasons for those results were unclear from the present study. However, it may be that microorganisms of the probiotic were activated in the caecum, and introduced short-chain fatty acids and antibiotics, thus controlling pathogenic and harmful bacteria such as E. coli. Weight, pH value, ammonia and the short chain fatty acid concentration in the caeca of broilers are shown in Table 10 . The weight of the caecal content was not affected by probiotic administration. pH value and the ammonia concentration of the caecal content was significantly lower (P<0.05) in the probiotic group. The acetic acid concentration of the caecal content was significantly higher (P<0.05) in broilers administrated the probiotic. Propionic and butyric acid concentrations were not affected by the probiotic. It was well documented that ammonia generated within the colon in situ is not derived exclusively from urea, but also from bacterial deamination of amino acids, peptides and proteins34). It is also reported that the greater the production and absorption of ammonia, the higher the pH of the local environment35). The decreased caecal ammonia level in this study could have resulted from the suppression of ammonia production in the intestine, or from an acceleration of ammonia absorption from the intestine. It may be that the decreased caecal pH in this study resulted from the increased levels of microbes, The probiotic used in this study affected intestinal flora of broilers, improving the raising environment and decreasing the stress. Consequently , the probiotic was able to improve the productivity , product quality, and hygiene in broiler production.
